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BEHAVIOR OF AN ARYY E-24D AIRPLAWE 
1 

A N 3  A TT-SI'ZE: ''ODEL 

By George A .  J a r v i s  an3 L3.ogd J. F i s h e r  

Tests were corAduc t e d  t o  c o r r e l a t e  noS3e1. and f u l l -  
s c a l e  2 i t c h l n g  nerformances f3r t,he A r r q  f3-2L;G a i r p l a n e .  
A d y a a x i c a l l y  similar model o f  t k e  R-2!$ a i r p l a n e  was 
d i t c h e d  i n  calm wa te r  i n  Lar,c,ley t,a-nk no.  2 and from 
an outdoor  c z t a 7 u l t .  A f u l l L s c & e  3-214C a i r p l a l r e  x a s  
d i t c h e d  an5e r  c o n t r o l l e c !  c o n d i t L o n s  Fn ca1.n w a t e r  i n  
t h e  Jams Xiver  n e a r  Lancley Field. ,  Va. The behaviDrs  
o f  boti i  model and f i l l 1  - s c a l e  a i r p l a n e  were a s c e r t a i n e d  
by making v i s u a l  o b s e r v a t i o n s ,  by r e c o r d i n g  t i n e  his-  
t o r i e s  of d e c e l e r n t i o n s ,  and bj: takin;.. motion p i c t u r e  
r e c o r d s  a f  t h e  d i i x h i n f s .  %ne r e s u l t s  a r e  ? re sen ted .  i n  
t h e  f o r m  o f  seqbence photoeraphs and t i m e - h i s t o r y  c u r v e s  
f o r  a t t i t u d . e s ,  v e r t i c a l  and h o r i z o n t a l  d i s p l a c e m e n t s ,  
and l o n g i t u d i n a l  d e c e l e r a t i o n s .  

Conclus ions  based  on one f u l l - s c a l e  t e s t  an2 sev- 
e r a l  model t e s t s  were as  f o l l o w s :  

1. J inE l i f t  was an i F ? o r t a n t  f a c t o r  i n  model 
d l t c h i n g  t e s t s  an.3 t h e  most; a c c u r a t e  s i x u l a t i o n  o f  f u l l -  
s c a l e  performance was ob ta in23  b:- d i t c h i n g  the model a t  
sucli s m e d s  a s  were n e c e s s a q  t o - o b t a i n  tlie c g r r e c t  l i f t  
even thoui_h ground saeed and ai-sr\eed vbere s1 i ;h t ly  I n  
e r r o r .  

z o n t a l  an3 v e r t i c a l  ,displacement.s f a r  mod.el a n i  f u l l -  
s c a l c  t e s t s  were i n  r e s s o n a b l e  q r e e m e n t .  

2. The t i m e - h i s t x g  cu rves  f o r  a t t i t u d e s  an3 h o r i -  

3 .  The maximur! l o n ; i t u 3 i n a l  5 e c e l e r r t i g n s  for node l  
and f u l l - s c a l e  d i t c h i n C s  d id  n o t  n e c - s s a r i l g  occur  a t  



!,. '2k-e d j n a n i c  b e h a v i o r  of t h e  r;.odel was a f f e c t t i d  
ver;. little 5:~ the  b reak  i n  tile f u s e l a g e  t n a t  o c c n r e 2  
n e a r  t'ns ba4 o f  t h e  rwn. 

Zr; m o d e l  i n v e s t i c a f i o n s  of  $:le p r e s e n t  ?;:?e if; i s  
l e s i r a b l - e  t:, o S t a l n  a clieck 3n tile accarac;. of  t he  work 
by c o r r o i L t i o n  w i t h  f u l i - s c r l i e  t c d t s  9s  s o x e  f a c t o r s  
t h a t  caw-ioL c a n v e r i e n t l ; ;  be % ? d e  Lo n;va the c o r r e c t  
s c s l e  r c l e t i J n s h i 7  tJ3 the fall-size y;-at;ot;-?e s.?e ne€- 
l e c t e 3 .  E-, m a l n t a i n i q c  the carr2:li sl=:,;le r s l e t r o n s h i n  
f o r  'i;:jse factors t l e t  kave  a naj2r i n f l -dence  0;: t h e  
q l l a n t i t i e s  t h a t  I t  i s  ." ,€sire< +,a xeEs'3cTc, m.=ciel t e s t s  
can  be m ? e  t o  j i e l ?  u s e f u l  r e s u l t s  t ha t  a r e  021; 
s l i g h t l y  f n  e r r c r  b e c a J s e  of the f ' s c t o r s  tL2t  art; n o t  
t o  Sca le .  

A c o n s i  : , e r ab le  nunbs r  of ? i t chTng  t e s t s  F-?,avf. been 
m.:;ie with Glgriamic n o d e l s  f g r  t h e  >urpose  of e v a l - a s t i n 2  
t h e  d i t c h i n g  ? e r f o r m m c e  o f  ac t ;u s l  a i r 2 l . s n c s .  R e F c r t s  
of s u r v i v o r s  i'rom a i r p l z n e  d i t c h k i g s  have in?.?,ic a t e 5  
t h a t  the x o d e l  r e s u l t s  have .been s u b s t a n t i s l l y  c c r r e c  t 
a s  f h r  a s  c o u l j  be deterg:ineci b u t  q u a n t i t , a t i v e  d a t a  
have  beefi u n o t a i n z b l e  f r o m  sack r e p o r t s .  Furthcrc:art : ,  
an a c t d a l  d i t c h i n L  i s  s o  h s z a r d o w  t h a t  "&e crew must 
d i r e c t  all t h e i r  a t t e n t i a n  towsr-lis n:easixres L o r  3'0- 
v i v a 1  and. s c c u r a t e  o b s e r v a t i o n s  czni?ot be ex.2ecte3 of  
them un?er  such  c o n . 3 i t i o n s .  
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Extensive damage t o  the fuselage can general ly  be 
expected i n  a &itching, Since t h i s  damage changes the  
configuration o f  the fuselage i t  a f f ec t s  the motlon of' 
the  airplaae.  I n  making model t e s t s  a rango o f  dramage 
conditions i s  generally investigaCed and the va r l a t ion  
i n  d i tch ing  performance thereby obtained gives  the range 
of performance that may be expected in a number o f  f u l l -  
sca le  di tching3 as t?. consequence of va r i a t ion  i n  the  
amount of damage t h a t  may occur. 

inve 
ve r y  
a i  rp  

O f  the  various damage conditions t h a t  had been 
s t iga t ed  i n  the model t e s t s ,  there  were none that 
c losely simulated the damage sustained by the  

lane i n  the fu l l - s ca l e  experiment because the a i r -  
plahe was re inforced a t  p laces  tha t  were very weak 
and normally considered t o  f a i l  i n  di tching,  I n  order 
t o  obtain a complete and r i g o r o m  comparison, tests have 
been made w i t h  the  damage t h a t  occurred i n  the fu l l - s ca l e  
di tching accurately s i ru la ted  on the model and i n  these 
t e s t s  the motion o f  the model was more completely 
recorded than it  i s  i n  the usual model t e s t s .  The r e s u l t s  
f r o m  the more complete model t e s t  are  herein compared 
with those from the fu l l - sca le  experiment, 

The t e s t s  were requested by the A i r  Technical Sorv- 
i c e  Comand, Army A i r  Forces, on fJ&rch 26, 1943. The 
model t e s t s  were made i n  Langley tank nuYnber 2 and on 
an outdoor ca tapul t ,  
i n  t he  James River near Langley Field,  Vas 

The fu l l - sca le  t e s t s  were made 

APPARATUS AND PROCEDURE 

An Army B-24.D a i rplane s t r ipped o f  a l l  excess 
equipment was used i n  the fu l l - sca le  t e s t .  
windows, the bomb bays, and the  be l ly  t u r r e t  hole  were 
covered w i t h  s t e e l  p l a t e  and the e n t i r e  b o t t o m  WEIS 
re inforced w i t h  s t e e l  and plywood ribs. 
o f  the ai rplane a f t e r  di tching i s  shown i n  f igu re  1. 
A large t ransverse dent was made i n  the s t e e l  p l a t e  a t  

The nose 

A photograph 



E ~ E  a p ? a r a t u s  an?. t e s t  >roce3:.res : x e d  i n  i;he rn3,:"el 
t e s b s  were s lmi l a r  t o  t h o s e  ,?.escribec: i n  r e f e r e n c e  2 . 
The u s u a l  !TLotion ? i c t u r e s  were !;a'.ren c7,urLnc; the  t e s t s  
bu t  horizon-La?. an-li ver t ic ,n , l  r e f e rez i se  l i n e s  arid a t i r l e r  
were provided. i n  the  background s o  t h a t  more a c c u r a t e  
d a t a  sn t n e  m9tTons o f  t h e  model c o u l d  be obtained. 
Time h i s t o r i e s  of' c t t i t u d e  an.;! h o r ' i z o n t a l  and v e r t i c 2 l  
d i sp lacements  22 t h e  mo3.el were measurer? from t h e  mot.Fon 
p i c t u r e  r e c o r d s .  Sowever,  t h e  : . i . o t ig~  F i c t u r e s  o b t a i n e d  
i g  t i le  c a t a p u l t  t e s t s  < i d  n o t  > e r n ; i t  a sa su remen t  of 
v e r t i c a l  d i s p l a c e n e n t s  $;Vi tl; s u f f i c i e n t  acc.uracy t o  be 
u s a b l e .  A number o f  runs were c;e.de i n  t'he m d e l  t e a t s  
bu t  d a t a  were r e E d  f r o n  o n l y  a fem runs. In t k e  t ank  
t e s t s ,  d a t a  were r e a d  for s i x  runs i n  which the  f u s e l a g e  
broke an.3 for one r u n  i n  which $he f u s e l s g e  d i d  n o t  
b reak .  In  t h e  c z t a 2 u l t  t e s t s ,  5 a t a  were r e a d  for one 
run i n  which t h e  f u s e l q e  broke .  C e c e l e r s t i o n s  were 
measured wi th  a s p e c i z l  r eco rd ln , t  a c c e l e r o m e t e r  .jevelo3cd 
f o r  use i n  rrodel 5 i t c h i n g  t e s t s ,  
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The a i r v l a n e  wcs d i t c h e d  a t  a g r o s s  wei ,ht  o f  
1~4,130 poundls with t h e  c e n t e r  of g r a v i t y  a t  3O.S p e r -  
c e n t  of  t h e  mean a e r o d y n a r i c  chord .  The f l a p s  were 
dmin  b-0' and the  a t t i t u d e  o f  t he  t h r u s t  l i n e  a t  c o n t b c t  
with t h e  w a t e r  was 7.7'. The l a n d i n g  was made i n t o  3 
q u a r t e r i n g  wind blowing approximate ly  4 m i l e s  ? e r  hour  . 
The w a t e r  s u r f a c e  was s1 i l ; h t ly  r i p 9 l e d .  P a r t i a l  power 
was used a d  t h e  ground speed a t  t h e  i n s t a n t  o f  l a n d i n &  
w a s  97 m i l e s  p e r  h o u r .  

The inodel was d i t c h e d  a t  c o n d i t i o n s  a s  n e a r l y  as 
p o s s i b l e  comparable t o  t h o s e  of  t h e  a i r 2 1 a n e .  The l i f t  
increment  o b t a i n e d  on t h e  a i r p l a n e  by t h e  u s e  o f  p a r t i a l  
power was n o t  a v a i l a b l e  on the un7ov;ered model. Conse- 
q u e n t l y  i n  t h e  model t e s t s  i n  o r d e r  f o r  t h e  mo3el t o  be 
f u l l y  a i r b o r n e  i t  had t o  be landed  a t  g r e a t e r  t han  s c s l e  
a i r s p e e d ,  This c o u l e  be done e i t h e r  by l a n d l a g  a t  
g r e a t e r  than s c a l e  ground s,eed o r  i l r t o  a heag wind.. 
The t ank  t e s t s  r e p o r t e d  h e r e i n  were nade a t  s c a l e 6  
ground speeds  corresponding.  t o  77 an6 102 m i l e s  ? e r  h o u r .  
?hen  t h e r e  was no head wind i n  t h e  t a n k ,  the- node l  vias 
n o t  f u l l y  a i r b o r n e  a t  t h e  97 n i l e s  ?er  hour  speed  b u t  
was f u l l y  a i r b o r n e  a t  t n e  102 rn i les  ? e r  hour sgeed .  C)n 
some r u n s  t h e r e  was s u f f i c i e n t  head  wind t o  make the  
model airborn:: a t  t h e  97  m i l e s  p e r  hour  ground speed .  
The head  wind was p r e s e n t  i n  t h e  t a n k  because  of' wind 
blowing  through an o ? e n i q  made i n  the s i d i n g  of  t h e  
t a n k  b u i l d i n 6  t o  ? rov ide  l i g h t  f o r  k i g b s p e e c l  motion 
p i c t u r e s  of t h e  d i t c k i n c  t e s t s .  I n  t h e  outdoor  c a t a n u l t  
t e s t ,  t n e  model was l anded  a t  a sca led .  p o u n d  sgeed  
co r re spond ing  t o  4'7 m i l e s  per  hour  with a head wind 
s u f f i c i e n t  t o  make the  nod.e1 f u l l y  a i r b o r n e .  The smooth 
w a t e r  s u r f a c e  i n  t h e  t a n k  corres2ond.ed. t o  a g l a s s y  calm.  
I n  t h e  c a t a p u l t  t e s t ,  t h e  water  was s l i g h t l y  r i p p l e d .  

RESULTS AND CIS.CgSSI3N 

The r e s u l t s  of the model t e s t s  an5 t h e  f u l l - s c a l e  
t e s t  a r e  comnared b; t i m e - h i s t o r y  c u r v e s  of a t t i t u c e ,  
v e r t i c a l  mrJ. h o r i z o n t a l  d i sp lacement ,  an3 l o n g i t u d i n a l  
d e c e l e r a t i o n s  i n  f i c u r e  3 ,  Typica l  r e s u l t s  o f  t h e  full- 
s c a l e ,  c a t a p u l t ,  and t a l k  t e s t s  a r e  g fven .  The shaded  
a r e a s  of f i g u r e  3 show envelopes of d2ta f o r  four  r u n s  
made i n  t h e  t ank  t e s t s .  The r e s t r l t s  f o p  t h e  a i r b o r n e  
model a t  ground sneeds  cor responding  t o  b o t h  97 an5  102 
m i l e s  p e r  h o u r  a r e  inc luded  i n  t h i s  e n v e l o ? e .  D i t ch ings  
c o r r e s p o n d i n g  t o  102 m i l e s  p e r  hour  tenc7ed t o  be n e a r e r  
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the  too o f  t h e  enve lopes  than  t h o s e  ccrres?ondin.g t o  
97 m i l e s  Der h o u r ,  Because of  i n s f r u n e n t  f a i l u r e ,  
d e c e l e r a t i o n s  were o b t a i n e d  on o n l y  two r u n s  i n  t h e  
t a n k  t e s t s  s o  an envelone  f o r  d e c e l e r a t i o n s  i s  n o t  
shown. 
t n e  m o d e l  was n o t  f u l l y  a i r b a r n e  a t  a ground speed  
co r re spond ing  t o  97 m i l e s  > e r  ho7Jr. Sequence photo-  
g raphs  o f  tine f u l l - s c a l e  and a i r b o r n e  m d e l  f i i t c h i n g  
t e s t s  a r e  shown i n  f i g u r e  4. 

F i g u r e  f a l s o  shovis r e s u l t s  of’ t e s t s  i n  which  

In t h e  f i r s t  second a f t e r  c o n t a c t  t h e  a t t i t u d e  o f  
t h e  f u l l - s c a l e  a i r p l a n e  i n c r e a s e e  from a b o u t  7L3 t o  

abou t  ( S e e  f i g .  3 .  A t  t h i s  h l . ~ h  a t t i t u d - e  t h e  wing 
seerned t o  l o s e  l l f t  and t h e  afr; l lane f e l l  o f f  on t h e  
p o r t  s i d e ,  s e t t l i n k  i n  t h e  w a t e r  v e r y  q x i c k l y .  A t  t h e  
end of t h e  r u n  t h e  a i r p l a n e  d i v e d  s l i g h t l y  and t h e  f u s e -  
l a g e  was broken  j a s t  forward  of t h e  wing. 
o f  t h e  d f t c l i r n g  riln v;as about  14-35 f e e t  an2 the d u r a t i o n  
was about  6.2 secoi lds .  The hikkies t l o n i i t u d i n s l  d e c e l -  
e r a tPon  for t h e  f u l l - s c a l e  t e s t  (2.7g) o c c u r r e d  when t h e  
nose  s e t t l e d  i n t o  t h e  wa te r  a f t e r  the wing s t a l l e d  
( p y o k a b l y  t h e  gciint: a t  v d - : i c , h  iraxirnurn 3,Arnsg:e oc,-*;lrr.ed) 

2 

The length 

The a i r b o r n e  rnorJ.el i n  bQth t a n k  amd c e t a 2 u l t  t e s t s  
ncsed  down s l i g k t l ; :  when i t  f i r s t  touche6  t h e  w s t e r  but  
nosed  u? t o  aSout  13’ i n  about, 1.k secones  ( f u l l  s c a l e )  
a f t e r  c o n t a c t .  A s  t h e  s2eed  reCl.uce3, the nose plowed. 
dee? i n  t h e  w a t e r  ar,d t h e  r u n  er,defi i n  a s l f g h t  d i v e .  
The r e s t r a i n t  b roke  n e p r  t h e  end of t’ne rur, a l l o w i n g  
t h e  ncse t o  p i v o t  abou t  t h e  h i n g e .  The ave rage  l e n g t h  
o f  r u n  i n  t h e  t a n k  t e s t  w a s  abou t  379 f e e t  ( f u l l  s s a l e )  
and the d n r a t i o n  was abollt 5.:; sec0nd.s ( f u l l  s c a l e ) .  
The h ighes t ,  l o n g i t u d i n a l  d e c e l e r s t i o n s  (1.6g an6 l .$‘g)  
occur red  ~t t h e  beginnifig, c f  the d i t c h i n g  rim (maximum 
damage was i n  e f f e c t  a t  tnis t h e ) .  The l e n g t h  o f  r u n  
i n  t h e  cata;_- ,ul t  t e s t s  was abou t  320 f e e t  (full sct i . ie)  
and tlie c’*ur.ation was a b o u t  5.4 seconds  ( f u l l  s c z l e ) .  
The h i g h e s t  1on;i tuc7inal J e c e l c r a t t D n  ( 2 ~ )  occur re ; i  when 
t h e  nose s e t t l e d  d e e p e s t  i n t o  t h e  vfa?;er. 

In  Ler ,eral ,  t‘ne c u r v e s  f o r  t h e  t e s t  i n  idnlch t h e  
f u s e l a q e  di3 n o t  b r e e k  fell Setween t h e  enve lopes  o f  t h e  
cu rves  f o r  t h e  t e s t s  i n  whfc’n tk,e f u s e l a g e  b r o k e .  The 
b r e a k  i n  the  f u s e l a k e  o c c u r r e d  ver:’ n e a r  t h e  end gf t he  
run a f t e r  a g r e a t  d e a l  of t h e  ene rg )  w a s  s y e n t .  



I *  

I f  Tfle c u r v e s  for t h e  t e s t s  i n  which t h e  model '~78s n o t  
f u l l y  a i r b o r n e  show t j p i c a l  r e s 7 l l t s .  In  one c a s e  t h e  

. model :lid n g t  nose up a s  much a s  when a i r b o r n e  and t h e  
v e r t i c a l  and h o r i z o n t a l  d i s p l a c e n e n t s  were snza l le r .  In  
t h e  o t h e r  c a s e  t h e  model d i v e d ,  

It i s  a p p a r e n t  t h s t  when t h e  win& l i f t  was inade -  
q u a t e  t h e  mrldel &Eve a l e s s  accurc. te  s i m u l a t i o n  o f  t h e  
motion of  t h e  a i r p l a n e  than  i t  d i d  when t h e  model was 
f u l l y  a i r b o r n e .  The r e s u l t s  of t h e  p r e s e n t  t e s t s  i n d i -  
c s t e  t h a t  t h e  most  a c c u r a t e  r e s u l t s  are o 3 t a i n e d  by 
landink,  models a t  such  speeds a s  a r e  n e c e s s a r y  t o  o b t a i n  
t h e  c o r r e c t  l i f t  an2 a c c e p t i n g  t k e  sc i a l l  e r r o r s  i n  ground 
s p e e d  and r..i-r.S?eed t h a t  a r e  unavc idab le .  

I n  t'ne p r e s e n t  t e s t s  wher, t h e  model was a i r b c r n e  i t  
nade  t h e  sane  type  o f  run t h s t  t h e  a i r ? l a n e  2 i d .  An 
e v a l u a t i o n  of t h e  d i t c h i n g  performance o f  t k c  air-:)l.Rnc: 
would n o t  So a?? rec i ab lT  a f f e c t e d  by t h e  3 i f f e r e n c e s  i n  
a t t i t u d e  an3 dis;31azerAents thst were ob t s ine t i  i n  t he  
f u l l - s c a l e  an& madel t e s t s  . Eiowever, rr!zxirr,um d e c e l e r -  
a t i o n s  were about  50 3 e r c e n t  lower i n  t h e  rr .odsl  t e s t s  
t h a n  i n  t h e  f u l l - s c a l e  t e s t s  an3 they  d i d  n o t  occur '  a t  
tiit: same p a r t  or̂  the  d i t c h i n g  r u n ,  These  aiIrerenoes 
a r e  h e  i n  ? a r t  t o  t he  f a c t  t h a t  d.amage tvzs s i m u l a t e d  
on t'ne rno.?el b e f o r e  d i t c h i n ? ,  wheress  c.znage nn t.hc 5cr- 
? l a n e  occur red  ~ r o g r e s s i v e l ~  d u r i n g  5 i t chLng .  The 
d i f f e r e n c e s  a r e  a l s o  rjlac i n  2 w t  tc2 t h e  s t a t i s t i c a l  
2roblem o f  com?aring m e  f u l l - s c a l e  t e s t  w i t h  a nunber  
o f  model t e s t s  f r o m  which a s c a t t e r i n g  o f  p o i n t s  were 
obtained. .  If an e q a i v e l a n t  nunber o f  f u l l - s c a l e  m d  
model t e s t s  had bee2 made, i t  i s  p o s s i b l e  t h a t  a s h L l a r  
s c a t  t e r i n z  of p o i n t s  would have occur red  an5 an envelope  
o f  %he r e s g . l t s  o f  tSe  f u l l - s c a l e  t e s t s  an3 an envelo_ne 
of t h e  r e s u l t s  ~f t he  n:o?el t e s t s  woinld have over lap l ied .  

7 . 2  e n  

There i s  a s t a t i s t i c a l  ? r o b l e x  ir, com?arinc one 
f u l l - s c a l e  t e s t  with s e v e r a l  model t e s t s  frorr; which a 
s c a t t e r i n G  of p o i n t s  were obtained.  and w i t h  tkis i n  
mind t h e  c o n c l u s i o n s  for the ? r e s e n t  t e s t s  a r e  a s  
f o l l o w s  : 

1, Wing l i f t  was an irngortant f a c t D r  i n  mo3el 
d i t c h i n g  t e s t s  and t h e  m o s t  a c c u r a t e  s i m ~ l a t i o n  oi '  



f u l l - s c a l e  ?erformance was o b t a i n e d  by d i t c h i n &  the  m d e l  
a t  s u c h  speeds  a s  were necessar:. t o  o b t a i n  the  c o r r e c t  

.1 

l i f t  even t h o u j h  grocmfi s?eed and- c i r s g e e d  were s ] . i C k - t l ; - .  
~ i n  e r r o r .  I 

2. Tl;e t ime illstor57 c u r v e s  f o r  a t t i t u d e s  anr! hori- 
z o n t a l  a ~ 5  v e r t i c a l  d i s p l a c e n s n t a  for 39th model an5 f u l l -  
s c a l e  t e s t s  were i n  r e a s o n a b l e  a f r eemen t .  

3. The maxinum l o q i t u d i n a l  Z e c e l e r b t i o n s  f o r  model 
and f u l l - s c a l e  ditckiin,rs 6i.d n o t  necessaz l i ly  occur a t  t h e  
same p a r t  of  t h e  run and t h e  f u l l - s c a l e  maximun: d e c e l e r -  
a t ion"was  about  50 p e r c e n t  g r e a t e r .  

4. The dynartic b e h a v i o r  o f  t'ne moc?el 
v e r ;  l i t i , l e  5;  YSE; b r e a k  in  tl-6 fuse lak-e  
near  the end o f  the  r u n .  

was a f f e c t e l !  
t ' r :st occur red  

Langley FTemorl a1 Rsr onaut  IC a1 I, abora  tor;- 
Na t iona l  A d v i s o r y  Convi t t e e  f o r  Aeronau t i c s  

Lancley F i e l d ,  Va. 
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